Abstract. In wideband signal beamforming, the traditional phase-shift method causes pattern pointing deviation and sidelobe widening, so the true time delay should be used to compensate the cannel delay accurately. In this paper, in view of the conformal array wideband beamforming of low computational complexity and high delay precision from a real-time processing, it proposes divide the real-time delay into integer and fractional parts. The low-order FIR filter and the high-order FIR filter are cascaded to used to form the digital beam forming device. The simulation result indicates that, the method proposed in this paper can effectively solve the pattern pointing deviation and sidelobe widening problems.
Introduction
The conformal array antenna is an antenna that is conformal to the surface of the carrier. Compared with the traditional planar array antenna, it can overcome the influence of the array antenna on the aerodynamic performance of the carrier platform and obtain the larger effective aperture area of the antenna,thus it plays an irreplaceable role in the airborne, bomb and spaceborne fields, etc [1] . In order to improve the anti-jamming capability of the system, the array antenna usually uses the large instantaneous bandwidth signal. Considering that the conformal array type is more complicated and the relative position between the elements is difficult to be equidistant, the beamforming of the wideband array will be more complexly and difficult to be achieved.
In wideband beamforming, a real-time delay line is required instead of a conventional antenna element phase shifter. In the analog method, the real-time delay line is usually achieved by the waveguide or coaxial cable, but these analog devices exist bulky, power consumption, high cost, by the great influence of temperature of the shortcomings. In the digital method which usually uses dense sampling, time domain interpolation [2] and other methods, but these methods will cause poor delay accuracy and mass data of the shortcomings so that we cannot meet the needs of real-time processing. In [3] , the wideband beamforming method with no carrier and very narrow pulse is discussed, but the application is limited. It is described that the method of zero setting the wideband transmission beam based on the LFM signal in [4] , but it is not applicable to this paper situation.
In this paper, in view of the conformal array wideband beamforming of low computational complexity and high delay precision from a real-time processing, it proposes divide the real-time delay into integer and fractional parts. The low-order FIR filter and the high-order FIR filter are cascaded to used to form the digital beam forming device. Taking into computing complexity and accuracy of two aspects, to meet the needs of wideband digital array real-time processing.
Delay Filter Principle
All-pass FIR filter's amplitude response to all frequencies equal to a constant, after the signal through the all-pass filter the amplitude spectrum remains unchanged, playing the role of pure phase filtering. The impulse response of the filter can be expressed as 
Where Window(n) represents the window function. In order to obtain better delay characteristics, the filter order should be chosen to be about twice the integer part of the delay [5] , so the equation (2) is modified as follow
Where
delay denotes the fractional part which range is [-0.5, 0.5], and L is half of the filter order.
The order of the filter is fixed as 16th order, the window functions are rectangular window, Hamming window and Chebyshev window, the fractional delay i delay is -0.45, the amplitude-frequency response and the group delay response of the fractional delay filter are shown in Figure. It can be seen from Figure. 1 that the amplitude-frequency response of the filter with rectangular window truncation fluctuates obviously in the passband when the order of the filters is the same, and it is not suitable for use as a fractional delay filter, where Chebyshev window truncation fluctuating the smallest; from the passband bandwidth, Humming window is better than Chebyshev window. In fact, Hamming window or Chebyshev window's influence on the beamforming is almost negligible when the wideband beam is forming.
It can be seen from Figure. 2 that when the orders of the filters are the same, similarly, the rectangular window's filter group delay fluctuation is the largest, and the Chebyshev window's fluctuation is the smallest. From the linear delay bandwidth, Humming window has the best performance.
In practical application, the selection of the window function should be taken into account synthetically in terms of in-band group delay and linear delay bandwidth.
System Principle

Sub-array Division Principle
The maximum instantaneous bandwidth allowed by the conformal array antenna received signal is not only limited by the antenna beam maximum points to offset, but also to the control of antenna aperture transit time. When the aperture transit time is greater than the reciprocal of the signal bandwidth, for the receiving array, the signal at both ends of the array could not be added at the same time. Therefore, after the sub-array of the antenna array is divided, the instantaneous bandwidth f of the signal is limited to
Where L is the antenna aperture, B θ is said the antenna maximum scanning angle, c is the speed of light.
When the fractional delay filter is used in the wideband digital array beamforming, it will encounter the following problems: The method that all array elements are using the time delay to achieve the wideband digital beamforming is not only difficult to achieve the project, but also causes the higher cost, so it is necessary to use the sub-array time delay compensation method to realize. It is proposed to complete the beam pointing and scanning of the antenna by combining the phase shift of array element phase shifter and the delay of sub-array delay unit, as shown in Figure 3 . By using the structure which is combined with sub-array delay and phase shift, not only it reduces the cost and complexity of the arrays, more importantly, but also partially offsets the aperture transit time, so as to obtains a relatively wide instantaneous signal bandwidth. When the delay value of each delay unit and the phase shift value of each phase shifter are changed, the scanning of the beam in a certain airspace can be completed. It solves the problem of array instantaneous bandwidth limitation and completes the antenna beam scanning. Sub-array division should be taken into account synthetically in the constraints of scanning angle, antenna aperture and signal instantaneous bandwidth. 
That is, the maximum integer times delay is three sampling periods that needs to be compensated.
The phase response function of the filter is set reasonably so that the group delay function of the all-pass filter is max round( ) N sampling periods which needs to be compensated in the finite frequency band, and ( ) round i is said to be rounded. The impulse response of the filter can be expressed as
Where, the possible value of N is max 0,1,..., round( ) N . In general, due to restriction on the size of antenna, max round( ) N will not very large, so it is ok to use the low-order FIR filter to achieve the integer times delay.
Principle of the High-order Filter to Achieve the Fractional Delay
The fractional part of the real-time delay is compensated with a fractional delay filter. The fractional delay filter is expressed as sinc
Delay represents the fractional part of the i array's real-time delay. When i Delay is not an integer, h(n) is non-causal, it is usually implemented by windowing in practice. So the design of the fractional delay filter's impulse response is 
Workflow
The workflow of this device is described as follows:
Step 1: Sub-matrix division; According to the scanning angle of the conformal array and the required signal bandwidth, the antenna aperture of the divided sub-array is calculated by the equation (4), and then combining the conformal array's physical shape and computational complexity to divide the sub-array region.
Step 2: Design the low order filter to compensate for integer delay; Calculate the maximum aperture transit time, calculate the integer part of the real-time delay to be compensated by the equation (5), then the low-order FIR filter that is used to compensate for the integer delay is shown in the equation (6).
Step 3: Design the high order filter to compensate for fractional delay; According to the delay accuracy requirements to select the appropriate window function and filter order, the high-order FIR filter whose delay range is designed of [-0.5,0.5] that as shown in the equation (7), which to compensate for the real-time delay of the fractional part.
Step 4: Select the reference array to calculate the real-time delay and phase offset between the arrays.
Select the reference array in the sub-arrays, and compares each array in the sub-arrays with the reference array to calculate the offset phase and make compensation; select the full array-plane reference array, and compares each sub-array with the full array-plane reference array, then calculate the integer delay and fractional delay and make compensation.
System Simulation and Verification
In the case of a triangular grid conformal array, it consists of 15 array planes; each plane has 32 arrays that were arranged at 4 x 8, and with an angle of 15 ° between each of the two planes. Make sub-arrays division according to the equation (3) . Assuming that the incident signal has a pitch angle of 45 °, an azimuth angle of 30 °, a signal bandwidth of 102 MHz and a center frequency of 2.25 GHz. The pattern only be formed by phase shift and the pattern is formed by unit phase shift sub-array delay which is shown in Figure. 1 are shown in Figure. It can be seen from Figure. 4, in the wideband signal beamforming, if still adopt the method of narrowband beamforming, will cause the main lobe beam broadening and antenna gain decreased, and adopt the wideband beamforming method of this scheme can well meet the demands.
Conclusions
This paper puts forward a scheme of conformal array wideband signal beamforming. The principle and method of the conformal array sub-arrays division are discussed in detail, as well the methods of the delay filter which are used as integer delay and fractional delay. Finally, the paper used an example of the conformal array beamforming to verify the effectiveness of this scheme.
